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NATIONAL ADVISORY CObWCTTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

SOME “ E N T S  OF LANDING CONTACT C O ~ I T I O N S  OF 

TRANSPORT IN ROZlTlME OPERATIONS 

By Norman S. Silsby, Emnuel Rind,: 
and Garland J. Morris 

Measurements  have  been  obtained  by means of a specially  built 
motion-picture camera of 126 landings  of  present-day  transport  air- 
planes  during routine operations  at  the  Washington  National  Airport 
in clear-air  daylight  conditions. F r o m  these  measurements, sinking 
speeds,  roll  attitude-angles,  and rolling velocities  have  been evalu- 
ated  and a brief  statistical  analysis of the results has been made. 

The  analysis  indicates  that  sinking  speeds of between 3 and - 4 ft/sec wlll be equalled or exceeded  once in 1,000 landings.  For  the 
sane number of l and ings ,  rolling velocities  equalling  or  exceeding 4 
t o  4; deg/sec and roll attitude  anglee  equalling or exceeding 6 O  to 

6&O may be  expected to occur  once. 
- 

The  equipment  and  technique  employed for these  measurements have 
been  found  to  be  accurate and practical, a t  least  for  daytime  opera- 
tions.  Continued  operation of the  project, in which  horizontal  veloc- 
ities will a160 be  determined,  is  expect’& to yield  information on 
the  influences of various  factors  such  as  airplane  characteristics, 
landing  technique, and weather  conditions. 

IWRODU@TIOM 

One  aspect  of  the problem of rationalizing  the  requirements  and 
procedures of design  for landing loads is  that of determinlng  the 
severity of the  landing  approach  conditions likely to be encountered. 
by an airplane,  that I s ,  the  -tudes  of s i n k i n g  speeds,  horizontal 
speeds,  attitude  angles,  angular  velocities,  lift-weight  ratios, and 
so forth, which  may  exLst  at  the  instant of touchdown and the  degree of 
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correlation  between  these qmtities. For  the  case of aircraft-carrier F 

operations, a substantial  amount of statistical  information .on landing 
approach  conditions  has  been  obtained  by  the Navy and  is  being  continu- 
ally  augmented. For land-based  operations, on the  other  hand,  very h 
little  suitable  information is available,  particularly  for  modern 
transport.  operations - -. 

The National  Advlsory Comdttee for  Aeronautics  has  recently 
undertaken  the  project of measuring  landing  contact  conditions of 
present-day  transport  airplanes  during  routine  operations.  The  equip- 
ment m s  set up at  the  Washington  National A i r p o r t  about  the  middle  of 
January 1953 with  the  permission and cooperation of the  airport  authori- 
ties.  The  results  from  the  first 20 hour8 of operation of this  equip- 
ment  have  been  evaluated grid are  presented  herein.  Since  that time, 
1% landings  were  photographed  and, of these, 126 were suitable  for 
evaluation.  These  landings  included  measurements for  10 airplanes 
representing  most of the  main ty-pes in  present-day  service: Douglas DC-3, 
E-4, and X-6, Convair 240 and 340, Martin 202 and 404, and  Lockheed 
Lodestar,-Consteliation, and Super  Constellation. From these  measure- 
mente,  sinking  speeds, r o l l  attitude  angles,  and  rolling  velocities 
have been  evaluated  and a brief  statistical  analysis of the  results 
has been  made.  Although  these  data  are of limited  scope,  it is believed 
desirable  to make them  available  as  quickly as possible,  because of the 
scarcity of such  fnformation. 

. -  

APPARATUS AKD METHOD 

A photograph of the  equipment  used  for obtahing information on 
the landing contact  conditions  is  shown  in  figure 1. This equipment 
consists  essentially of E constant-speed  motion-picture  camera  fitted 
with a telescopic  lens of &)-inch  focal length, supported on a vertical 
shaft which  provides for tracking  the  airplane only in azimuth.  The 
trailer  in  which  the  equipment  is  mounted  can  be  raised on jacks  to 
permit  very  accurate  leveling of the  camera and provide a rigid support 

A sample frame from a typical landing sequence is shown  in  fig- 
ure 2. As can be seen f r o m  the figure, the  instant of contact  can 
usually  be  determined readily by  the  appearance of smoke  from  the  tire. 

. .  

The  camera  is  set up 800 to 1,000 feet fm the runway. The  actual 
range of the  airplane f r o m  the camera can be  determined from the  photo- 
graphs by measuring  the w e  wheel-rim  diameter.  The  sinldng  speed 
for  each of the two wheels of the  main landing gear  is detedned f r o m  
a consideration of the range and  the  time  rate of change of wheel  loca- 
tion,  which is obtained by measuring  the  change  in  image  wheel  position 
over a 2-f- interval (4 time  btervals)  immediately  prior to first- 
wheel  contact.  The  camera ~LUU at an  accurately  controlled  rate of 
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25 frames  per  second;  thus,  the  sinking  speed  is  determined  over a time 
interval  of 4/23 second  prior  to  contact,  which  corresponds to a verti- 
cal  height  of  about l/j foot  for an average sinMng speed  of 2 ft/sec. 
The  average of the  sinking  speeds  for  the  two  main  gear  wheels  is  con- 
sidered t o  be  the  sinking  speed  for  the  airplane  Center  of  gravity. 

The rolling  velocity of the  airplane  is  determined  from a con- 
sideration of the knm wheel  tread and the  difference  in  the values 
of sinking  speeds  for  the  two  wheels.  The  roll  attitude  angle  at  the 
Fnstast of contact  is  determined  from  the  relative  vertical  pokitions 
of  the  wheel  images,  together with the range and  wheel  tread. The 
accuracy in terms of probable error in the  quantities  determined  as a 
result  of  errors in film  reading, and the  error  introduced  by  neglecting 
the  vertical  acceleration,  is  the  following:  for.sinldng  speed, 
fo.1 ft/sec; f o r  rolling  velocity,  approximately k1/4 deg/sec; and for 
r o l l  attitude  angle,  less  than ;tO.lo. An additional  error  arises  in 
the  determination  of  the  range f r o m  measurements of image  wheel-rim 
diameter  which  results in a probable  error  of  about fl percent  of  the 
measurements  of  sinking  speed,  rolling  velocity,  and  roll  attitude 
angle.  Other  sources of error  such  a6  those  due  to  refraction,  film 
shrinkage, and timing appear to be  negltgible.  The  relative  positions 
of  the  wheels  shown in figure-2 indicate a large roll angle  for  this 
landing which  is  discussed  subsequently.  (Horizontal  speeds  can also 
be  determined;  however,  they have not  been  evaluated and are  not  pre- 
sented  herein.) The  spot  of  light  appearing  in  the  center  of the frame 
of  figure 2 is  produced  by  instrumentation In the  camera  to  denote 
azimuth  angle  for  use in evaluating  horizontal  veiocity,  and  is  not 
due to any installation in the  airplane.  Pilots  are  unaware  that  the 
landings  are  being  mnitored. 

The  number  of  observations  obtained  to  the  present  time  is  too 
small to permit  isolation of various  possible  infJuences  such as air- 
plane  type,  airline  policy,  wind  speed  and  direction,  and so forth. 
The  results  should  be  considered as applying  to  the  general  class  of 
transport  operations  under  clear-air daoime conditions.  Wind  veloc- 
ities  ranged  from  calm  up to about 20 mgh. 

REEULTS AM) DISCUSSION 

Figure 3 gives  histograms of the  percentage of the  landings 
occurring  in  various  ranges  of sinklng speeds.  The  graph on the  left 
shows  the  sinking  speed  of  the  center  of  gravity  for 126 landings, and 
that  on  the  right,  the  sinking  speed  of  the  wheel  touching  down  first 
for 108 landings.  The histograms for  the two cases are genera- 
similar.  The mean value of sinking speed of the  center  of  gravity  for 
the landings observed WELB 1.3 f t/sec and no landing  exceeded a sinldng 
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speed  of 3.2 f t /sec - The mean and maximum values o f  sinking  speeds 
f o r  the first wheei t o  touch (1.4 and 3 . 6  ft /sec,   respectively) were 
slightly higher than f o r  the center of gravity. 

. -  

t .  

Figure 4 shows the same results i n  terms of the probabili ty of 
exceeding  given  values of sinking  speed. The left-hand  plot  again 
re fers  t o  the  center of  gravity, and the right-hand  plot, to  the first 
wheel t o  touch down. The test   points  define the' cumulative  frequency 
dis t r ibut ion,  that is, the  percentage of lmdlngs i n  which given  values 
of sinking speed were exceeded.  Pearson  type I11 curves shown by the 
so l id   l ines  were f i t t e d  t o  the  data  to  provide an indication of the 
sinking  speed  likely  to be encountered in   g rea t e r  numbers of landings 
than were actually  observed. The dashed curves  indLcate  the  region  in 
which the true  probabi l i ty  curve  can be expected t o  occur,  regardless 
of the number of  observations, with a confidence  of 93 percent. The 
r e su l t s   fo r  the sinking speed of the center  of  gravity  indicate,  for 
example, t ha t  1 percent  of  the  landings,  under the conditions of the 
observations, wlll equal o r  exceed 3 .O f t /sec.  A sinking  speed of 
4.0 f t / sec  will probably  be  equaled o r  exceeded only once i n  about 
4,000 landings. There  appears to  be no significant  difference between 
the  probabi l i ty   to  exceed a given  sinkFng  speed of the  center of gravity 
and of the wheel t o  touch first.  

Figure 5 presents  histograms of the percentage of landings 
occurring i n  various  ranges of ro l l   a t t i tude   angles  shown on the l e f t  
f o r  100 landings and in  various ranges of ro l l ing   ve loc i t ies  shown on 
the right fo r  101 landings. The mean value of  roll attitude angle 
was 1.l0, and 87 percent of the  landings  evaluated  for r o l l  angle did 
not exceed 2'. For 99 percent of the landings the roll angle was l e s s  
than bo. One landing of the LOO observed was made a t  a r o l l  angle of so a t  touchdown. Figure 1 was from t h i s  landing. The posit ive and 
negative  values of ro l l ing   ve loc i ty   re fe r   to   ro l l ing   in   the   d i rec t ion  
of the wheel touching first and rolllng amy from the wheel  touching 
first, respectively. A s  can  be  seen from the figure, there  were almost 
twice as many occurrences of ro l l i ng   i n  the d i rec t ion   of - the  wheel 
touching first as there were of ro l l ing  away from the wheel t o  touch 
first.  The mean value of rol l ing  veloci t ies  was 0.5 deg/sec and no 
rol l ing  veloci ty  exceeded 3 deg/eec. The low roll ing  velocit ies  obtained 
account f o r  the small differences between sinking speeds of the  center 
of  gravity and of tfie wheel t o  touch first. 

Figure 6 shows the reclults of roll a t t i t ude  angle and rolling 
velocity i n  terms of the  probability of exceeding  given  values of the 
r o l l  a t t i t ude  angle shown on the le f t  and roll ing  velocity shown on 
the   r igh t .  The plotted  points  again  define  the  cumulative  frequency 
dis t r ibut ion,  the so l id   l ines   a re  Pearson tme 111 curves, and the 
dashed line6 indicate  the 95-percent  confidence band. The graph on the 
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3l left  indicates  that  one  roll angle In 100 landings  would  probably  equal 
o r  exceed 4.3', and  out of 1,000 landings  one  would  probably  equal or 
exceed  about 6.2O. The  analysis  indicated  that  there w-as no correla- 
tion  between  roll  attitude and sinking  speed, nor between.rolling 
velocity  and  sinking  speed.  The  limitation  of roll angle  imposed by 
some part of the  airplane  other  than  the  landing  gear  contacting  the 
ground  first  is  from 8O to 16O for  four-engine  transport  airplanes 
and  from 1-p to 21° for  twin-&ne  transport  airplanes.  The  results 
f o r  the  rolling  velocity  indicate  that 1 percent of the  landings would 
be  expected to equal  or  exceed 3-3  deg/sec  when rolling toward  the  wheel 
touching  first  and  about 2 -3  deg/sec when rolling a m y  f r o m  the  wheel 
touching  first.  One in 1,OOO landings  would  probably  equal or exceed 
about 4.2 deg/sec or 3.3  deg/sec when rol l ing toward  or  away  from  the 
wheel  touching  first,  respectively. 
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An analysis  of  the  results  obtained  to  the  present  time on the 
landing contact  conditions of routine  transport  operations  indicates 
that sinking  speeds of between 9 and 4 ft/sec wLll be equalled or 3 
exceeded  once  in 1,000 landings.  This  applies  for  the  center of gravity 
of  the  airplane  or  the  first  wheel to touch.  For  the  same  number of 
landings,  rolling  velocities  equalling  or  exceeding 4 to  deg/sec 

i and  roll  attitude  angles  equalling or exceeding 60 to %o may  be  expected 
to occur  once. 

The  equipment  and  technique  employed for these  measurements  have 
been  found to be  accurate and practical,  at  least  for  daytime  operations. 
Continued  operation  of  the  project, in which  horizontal  velocities will 
also  be  determined.,  is  expected  to  yield  information on the  influence 
of various  factors  such as airplane  characteristics,  landing  technique, 
and  weather  conditions. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  AemnautFcs, 

Langley Field., Va., April 28, 1953. 
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EQUIPMENT =FOR MEASURING LANDING APPROACH CONDITIONS 
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Figure 1. 

L-80236 

Figure 2. 

c 

n n  

t 

I 

I 



I 

7 I 

I 

FREQUENCY DISTRIBUTION - SINKING SPEED I 

30 1 CENTER OF 
GRAVITY 

WHEEL 

LANDINGS 
108 

MET - 1.4 
FT SEG v ! 

25 

r 
I 26 

LANDINGS 
MEAN 4.3 

FT/SEC 

- 

20 
PERCENT 

OF 
LANDINGS 1 5  

IO 

5 

-557 
C 
1 

I - 2 3 4  
SINKING SPEED, FT/SEG 

I 

Figure 3 .  

PROBABILITY  CURVES - StNKlNG SPEED 

I 

\ - 

,y\, - 
0 1 2 3 4 5  

FT/SEG 

'"1 I I , ;, , 
\ 

 IO-^ 
0 1 2 3 4 5  

SINKING SPEED, 

I 
. .  

I 

Figure 4. 



NACA RM ~ 5 3 ~ 0 %  

FREQUENCY  DISTRIBUTIONS 
ROLL AmTUDE AND ROLL VELOCITY 

PERCENT OF 
LANDINGS 

30 

20 

I 

r M E A N  =1.1" 'L - " .. - 
2 3 4 5 6  

- 
ROLL IN DIRECTION 

TOUCHING FIRST 
- OF WHEEL 

0 1  
ROLL ATTITUDE. DEG ROLL VELOCITY.  DEGISEC 

Figure 5. 

PROBABILITIES-ROLL ATTITUDE AND ROLL VELOCITY \ CE 
0 

100 LANDINGS \ 

I I I I I 1 
1 2 3 4 5 6  

- 

- 

- 

- 
0 

ROLL ATTITUDE, DEG ROLL VELOCITY, DEG/SEC 

'\ \- 
lot LANDINGS \ \ 
\\ 

1 2 3 4 5  

P 

Figure 6. 


